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Executive Summary

•  As part of their fiscal year 2000 budget, President Clinton and Vice President Gore are
proposing a $366 million, 28 percent increase in the government’s investment in
information technology research.

 

•  This initiative, known as IT2 (Information Technology for the Twenty-First Century), will
support three activities:

 
 - Long-term information technology research that will lead to fundamental

breakthroughs in computing and communications, in the same way that government
investment beginning in the 1960s led to today’s Internet;

 
 - Advanced computing for science, engineering, and the Nation including

software, networks, supercomputers, and research teams needed to support it. This
will support applications such as reducing the time required to develop life-saving
drugs; designing cleaner, more efficient engines; more accurately predicting hurricanes
and tornadoes as well as long-term climate change; and accelerating scientific discovery;
and

 
 - Research on the economic and social implications of the Information

Revolution and efforts to help train additional information technology workers at our
universities.

 

•  The potential benefits of IT2 are compelling:
 

 - The results of past government research (e.g., the Internet, the first graphical Web
browser, advanced microprocessors) have helped strengthen American leadership in the
information technology industry, which now accounts for 1/3 of U.S. economic
growth and employs 7.4 million Americans at wages that are more than 60 percent
higher than the private sector average. All sectors of the U.S. economy are using
information technology to compete and win in global markets, and business-to-
business electronic commerce in the U.S. alone is projected to grow to $1.3 trillion by
2003.

 
 - Information technology is changing the way we live, work, learn, and communicate

with each other. Advances in information technology can improve the way we educate
our children, allow people with disabilities to lead more independent lives, and improve
the quality of health care for rural Americans through telemedicine. U.S. leadership in
information technology is also essential for our national security.

 
 - Information technology has a mutually reinforcing relationship with our “golden age”

of science and engineering. Advances in supercomputers, simulations, and networks
are creating a new window into the natural world — making computing as valuable as
theory and experimentation as a tool for scientific discovery. At the same time,
challenging scientific problems such as predicting the impact of climate change,
designing more efficient and cleaner energy systems, and gaining new insights into the
fundamental nature of matter push the frontiers of information technology capability.

 



•  The initiative builds on previous and current programs in computing and communications,
including the High Performance Computing and Communications Program (authorized by
legislation introduced by then-Senator Gore), the Next Generation Internet, which was
authorized by the Congress in 1998, and the Department of Energy’s Accelerated Strategic
Computing Initiative (ASCI). It responds to recommendations made by an external
advisory committee requested by the Congress (The President’s Information Technology
Advisory Committee), which concluded that the government was underinvesting in long-
term information technology research relative to its importance to the Nation. This
committee, which is comprised of leaders from industry and academia, concluded that the
private sector was unlikely to invest in the long-term, fundamental information technology
research needed to sustain the Information Revolution. The initiative also reflects a strong
belief held by the research community regarding the potential of information technology to
accelerate the pace of discovery in all science and engineering disciplines.

 

•  The agencies that will be involved in IT2 include the National Science Foundation, the
Department of Defense (including the Defense Advanced Research Projects Agency), the
Department of Energy, the National Aeronautics and Space Administration, the National
Institutes of Health, and the National Oceanic and Atmospheric Administration. Roughly
60 percent of the funding will go to support university-based research, which will also help
meet the growing demand for workers with advanced information technology skills.

 

•  Some of the potential breakthroughs that may be possible as a result of IT2 include:
 

 - Computers that can speak, listen, and understand human language, are much easier to
use, and accurately translate between languages in real-time;

 
 - “Intelligent agents” that can roam the Internet on our behalf, retrieving and summarizing

the information we are looking for in a vast ocean of data;
 
 - A wide range of scientific and technological discoveries made possible by simulations

running on supercomputers, accessible to researchers all over the country;
 
 - Networks that can grow to connect not only tens of millions of computers, but

hundreds of billions of devices;
 
 - New ways of developing complex software that is more reliable and easy to maintain,

and can be depended on to run the phone system, the electric power grid, financial
markets, and other core elements of our infrastructure; and

 
 - Computers that are thousands of times faster than today’s supercomputers, and are

based on fundamentally different technology, such as biological or quantum
computing.

 

 This document is available at http://www.ccic.gov/.
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 Background
 

 With this ambitious Information Technology for the Twenty-First Century (IT2) initiative, the
Federal Government is making a dramatic new commitment to research in information technology,
building on existing and previous government investments and accomplishments in this area,
including the High Performance Computing and Communications Program and the Next
Generation Internet as coordinated by the National Science and Technology Council. This initiative
also responds directly to the concerns and recommendations of The President’s Information
Technology Advisory Committee (PITAC).
 
 The support for this initiative is substantial.

 

•  President Clinton and Vice President Gore believe that strengthening America’s leadership
in information technology is critical to our economic prosperity, our quality of life, and our
national security. President Clinton called for a significant increase in information
technology research in his June 1998 MIT Commencement address. Vice President Gore
has been a long-time supporter of information technology research, popularizing the term
“information superhighway” over 20 years ago and authoring the High Performance
Computing Act of 1991 as a United States Senator.

 

•  The President’s Information Technology Advisory Committee has called for a significant
increase in information technology research, and has provided the Congress and the
Administration with recommendations on research priorities.

 
 Government agencies have convened public workshops to obtain more detailed input on the
opportunities and challenges in information technology research. The agencies and the broader
scientific and engineering community have stated that advances in high-end computing, modeling
and simulation, and information management could lead to scientific and technological
breakthroughs in widely differing areas such as the design of more efficient engines, more rapid
development of life-saving drugs, the analysis and prediction of climate change, and a better
understanding of the fundamental nature of matter.
 
 Industry leaders credit Federally-funded research with building the foundation for nearly all the
fundamental innovations in computers and computation, including networking, the windows and
Web browsers that make computers accessible to everyone, software for displaying 3-D images
(now used in a wide range of applications, from accelerating aircraft design and testing to
simulating dinosaurs in movie thrillers), and the basic architecture of today's powerful computers.
 
 Government-supported developments in scientific computing have led to major advances in areas
as disparate as weather and climate prediction, genomics, cosmology, and materials research, and
have laid the groundwork for applications such as safer buildings and telemedicine.
 
 Federal investment has been essential for the flow of basic inventions that provide nourishment for
today's exploding information technology industry. Perhaps more importantly, however, Federal
investments have provided training for talented students who emerged from colleges and graduate
programs to provide the intellectual leadership for today’s information technology revolution.
 

 In addition to supporting industrial innovation and the economic benefits that it brings, Federal
support for computing research has enabled government agencies to accomplish their missions
better. For example, the Department of Defense’s (DOD) concept for warfighting in the future rests
on the foundations of information dominance and technological innovation. The Department of
Energy (DOE) today relies on the simulation capabilities of large supercomputers to certify the
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nation’s nuclear stockpile. The National Aeronautics and Space Administration (NASA) has
expanded the frontiers in air and space through the innovative use of information technology to
enable the design of complex vehicles, achieve high reliability, and manage massive amounts of
data. The National Institutes of Health (NIH) are taking advantage of new Web technologies and
improved networking capabilities to expand access to medical information. The National Oceanic
and Atmospheric Administration (NOAA) has exploited information technology to build a better,
faster severe weather and climate forecast system resulting in fewer weather-related deaths, lower
property damage, and better understanding of global warming issues.

 
 Under the leadership of the President’s Advisor on Science and Technology and the umbrella of
the National Science and Technology Council (NSTC), the Federal research and development
(R&D) agencies have worked cooperatively to craft the IT2 to meet the following objectives:
 

•  The IT2 will support a balanced research portfolio in computer and information science and
engineering that will strengthen the national investment in fundamental research;

•  By supporting development of dramatically increased and broadly accessible computing
capabilities, the IT2 will provide strong new links between research in information science
and other critical fields like biology, chemistry, physics, and materials, initiating a new era
of simulation-based research; and,

•  The IT2 will fund research on the legal, economic, and social impacts of information
technology and ways to assess these impacts, and will grow the intellectual base needed to
ensure continued innovation in information technology.

Rationale and Benefits

The Administration believes that there are a number of compelling reasons to increase the Nation’s
investment in long-term information technology research and promote applications of information
technology that advance science, engineering, and a broad range of national goals.

1. Past government support for information technology research has resulted in a
huge economic return on investment, and continues to play a pivotal role in
promoting innovation.

 
 Many of the most important breakthroughs in computing and communications (e.g., the Internet,
the first graphical Web browser, high-speed networks, artificial intelligence, supercomputers,
databases, and the graphical user interface) have come from government-sponsored research. The
Internet alone has created hundreds of billions of dollars in new wealth — vastly exceeding the
government’s investment in networking research. Simulation-based science is also having an
impact in industry. For example simulation of the properties of molecules and processes was
critical to the timely introduction of environmentally-benign replacements for freon, a nearly $2B
per year global market.
 
 The private sector spends much more than the government to commercialize new ideas. But, as
Vice President Gore has noted, government-supported research often provides the initial, critical
“spark” for innovation. Data from the Council on Competitiveness suggest that only 6-9 percent of
the information technology industry’s R&D expenditures go toward long-term, fundamental
research. It is difficult for companies to justify investment in fundamental research to their
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shareholders, given the difficulty that any one firm has in rapidly capturing and commercializing
the benefits from this kind of research.
 
2. Information technology is becoming increasingly important to the U.S.

economy, making technological leadership in this sector even more critical in
the 21st century.

•  Information technology has accounted for one-third of U.S. economic growth from 1995
to 1997.
 

•  The global information and communications industry is now roughly $2 trillion in size.
Business-to-business electronic commerce in the U.S. is projected to grow to $1.3 trillion
by the year 2003.
 

•  In 1996, 7.4 million Americans worked in information technology industries and
information technology-related occupations, earning, on the average, almost $46,000 per
year, 60 percent more than the average private sector wage of $28,000.
 

•  Information technology now accounts for 45 percent of private equipment investment, up
from 3 percent in the 1960s. All firms are using information technology to reduce the time
required to develop new products, increase productivity, deliver “just-in-time” training to
their employees, forge closer relationships with suppliers, and tailor products and services
to the needs of individual customers.

3. The broader national payoff from improvements in information technology will
be enormous.

Information technology is not only important for its impact on America’s economic growth, job
creation, productivity, and global competitiveness. Information technology is a powerful tool to
achieve virtually every important national goal:

•  A world-class educational system: Information technology can enhance parent-teacher
interaction, allow students to take “virtual” field trips, practice science as opposed to merely
reading about it (e.g., learn astronomy by using a remote telescope), or perhaps someday
interact with, and learn from, an infinitely patient, virtual version of Einstein, Lincoln, or
Socrates.

 

•  Life-long learning for all Americans: Information technology can enable adults to learn at a
time, place, and pace that is convenient for them, allowing them to acquire the skills they
need to succeed in the new economy while balancing the needs of work and family.

 

•  A strong defense: U.S. military strategy, as described in the Joint Chiefs of Staff’s Joint
Vision 2010, now relies on information superiority, which is defined as “the capability to
collect, process, and disseminate an uninterrupted flow of information while exploiting or
denying an adversary’s ability to do the same.” In addition, the ASCI program is a key
element in assuring the safety, reliability, and performance of our nuclear arsenal.

•  Expanded access to high-quality, affordable health care:  Simulation enables the design of
more affordable and effective drugs; electronic claims-filing can reduce administrative
costs; secure patient records can improve privacy and ensure that patient records can only
be viewed by authorized personnel; telemedicine can enhance the quality of care in rural
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areas; public health information systems can spur an increase in childhood immunization
rates; and consumer health information can allow individuals to make more informed
decisions about their own health care needs.

•  Improving the quality of life for the 55 million Americans with disabilities:  New
technologies such as speech recognition and intelligent robotic devices can make it easier
for people with disabilities to interact with computers, lead more independent lives, and
gain new employment opportunities.

•  Protection of life and property: Through better forecasts of hazardous weather and more
timely and effective communications, Americans are better able to avoid life-threatening
storms and to protect property.

 

•  A more efficient and open government: Better use of information technology is at the heart
of the Administration’s efforts to “reinvent government” by making it more responsive to
its citizens.

•  Fighting crime: Information technology can be a powerful tool in law enforcement by, for
example, allowing law enforcement officials to create “virtual” swat teams with digital
wireless networks, and access databases of mug shots and fingerprints of criminals twenty-
four hours a day.

•  Decreasing cost and time to market: Information technology can reduce the cost and time to
market by replacing costly engineering practices, such as pilot plants and test crashes, with
scientific and engineering simulations.

•  Improving the environment:  Advanced simulation will lead to better understanding of
environmental processes on scales from global to microscopic, testing cause and effect, and
more accurately forecasting near-term climate changes such as El-Niño. It will also build
the scientific basis for understanding long-term climate changes including ocean and
ecological effects. Advanced simulation will lead to improvements in combustion
technologies that could result in cost savings and reduction in carbon emissions.

4. Experts believe that the Federal government is underinvesting in R&D in
fundamental information technology research.

 
 The government’s investment in computing, information, and communications research is roughly
$1.5 billion — or less than 2 percent of the Federal government’s R&D budget. The committee of
experts in industry and academia created by the Congress and appointed by the President (The
President’s Information Technology Advisory Committee) has concluded that we are significantly
under-investing in information and communications R&D. They have recommended doubling the
government’s investment in information technology research.
 
5. As our economy and society become increasingly dependent on information

technology, we must be able to design information systems that are more
secure, reliable, and dependable.

 
 The software systems that lie at the core of worldwide financial systems, air traffic management,
defense command and control — indeed, virtually all parts of our economy — are the most
complex human inventions ever created. As a result, however, our society now faces unknown
hazards both from hostile attacks on these systems and from the even greater threat that simple
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mistakes or system failures will bring wholesale collapse of critical systems. The small software
failures that have shut down large parts of the Nation's phone systems and air traffic control
systems and the “millennium bug” are examples of what can go wrong in our current environment.
We do not know how to design and test complex software systems with millions of lines of code
in the same way that we can verify whether a bridge or an airplane is safe. More R&D in this area
is desperately needed.
 
6. Information technology will revolutionize our national science and engineering

R&D strategy.

 There has been near-miraculous increase in the power of computers with speeds and capacities
approximately doubling every 18 months for over two decades. We are on the verge of an era
where scientific computation will be on a par with laboratory experiment and mathematical theory
as a tool for research in science and engineering. The computer is literally providing a new,
exquisitely detailed view of the natural world.
 
 Scientific research in the 20th century has been characterized by a search for the fundamental laws
and principles that govern our natural world. But as profound as the scientific discoveries of the
20th century have been, the benefits of this knowledge are only now beginning to be tapped.
Complex problems of the 21st century will be solved by scientific simulation that will synthesize
the knowledge we have gained. For example, supercomputing and simulation technology allows
researchers to develop life-saving drugs more rapidly, better understand the functions of our genes
once they have been sequenced, more accurately predict tornadoes, and design engines that are
cleaner and more fuel-efficient.

7. Funding research also helps alleviate the shortage of information technology
workers.

 
 Many information technology companies are concerned that they cannot hire enough skilled
workers — in particular, computer science graduates. Increased information technology research
activities in colleges and universities will create more opportunities for student participation and
enhance the skills levels of graduating students.

 
8. The Information Revolution is just beginning.

As impressive as technology is today, it is important to realize that the Information Revolution is
just beginning. Researchers in the field have identified many research challenges that can
profoundly change our lives, just as the computer and the Internet have in recent times.

R&D Agenda and Goals

As part of the President Clinton’s fiscal year 2000 budget, the Administration is proposing a $366
million, multi-agency information technology research initiative that would increase Federal
investment in the following three areas:

•  Fundamental information technology research in software, human-computer interaction and
information management, scalable information infrastructure, and high-end computing;
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•  Advanced computing for science, engineering, and the Nation, including supercomputers,
software, networks, and research teams needed to support it; and

•  Research in the ethical, social, and economic implications of the Information Revolution,
and support for the education and training of America’s information technology workforce.

 
 The major components of the initiative and its research agenda are described below. Please note:
 

•  The description of the research agenda is intended to highlight a few of the most significant
information technology research challenges and opportunities to be addressed. In many of
these technical areas, agencies have convened workshops of the leading researchers in the
field in government, industry, and academia to define more fully the research agenda. The
results of these efforts are reflected in the planning documents being prepared by the
agencies.
 

•  Although it is important to set goals and a research agenda, the government must be open to
new ideas and new opportunities. The IT2 will elicit many bold and creative ideas from the
research community, and government agencies must be sufficiently agile and flexible to act
upon them.
 

•  Although the components of the initiative are described separately, they are interdependent.
For example, purchasing high-end machines only makes sense in the context of software
research that will make it much easier to develop applications, or that will allow users to
see, understand, and manipulate the huge quantities of data generated by simulations and
experiments. New insights into the way that people actually use computers at home or at
work will help set the research agenda for collaboration tools.

Fundamental Information Technology Research

Fundamental information technology research addresses long-term, high risk investigations of the
underlying issues confronting computer science and engineering. There are dramatic new
opportunities and challenges to be addressed by fundamental research in information technology –
opportunities on which the Nation must capitalize.

The fundamental information technology research component of IT2 consists of four research focal
points: software, human computer interfaces and information management, scalable information
infrastructure, and high-end computing. Collectively, these research areas provide a diversified
program for long-term exploration of important research problems on how to make computing and
information systems easier to use, more reliable and secure, more effective, and more productive.

1. Software

Software research was judged by The President’s Information Technology Advisory Committee to
be the highest priority area for fundamental research. From the desktop computer to the phone
system to the stock market, our economy and society have become increasingly reliant on
software. This Committee concluded that not only is the demand for software exceeding our ability
to produce it; the software that is produced today is fragile, unreliable, and difficult to design, test,
maintain, and upgrade. The small software failures that shut down large parts of the Nation’s
phone systems and the “Year 2000" problem are but two significant examples of what can go
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wrong. There are several research areas where Federally-funded R&D could assist in creating
productive, reliable, and useful software.

•  Software engineering: Currently, we lack the understanding of how to design and test
complex software systems with millions of lines of code in the same way that we can verify
whether a bridge is safe. Research in this area could increase software productivity, make
software more reliable and easy to maintain, and automatically discover errors. Research is
also needed to reduce the cost and time penalties currently required to make systems safe
and reliable. Progress on safety and reliability is particularly important for critical systems
such as the telecommunications network, medical devices, the electric power grid, and the
air traffic control system.

 

•  End-user programming: One way to address the shortage of programmers is to make
programming so easy that users with little or no programming expertise can do it. An
example of this is the spreadsheet, which allows business and financial analysts to
manipulate numbers or conduct “what if” scenarios in a way that previously required
customized programs. Making end-user programming more widespread will require
advances in areas such as intelligent templates, domain-specific languages, and
programming-by-example.

 

•  Component-based software development: Today, most programs are written from scratch,
one line of code at a time. The software industry lacks the equivalent of interchangeable
parts that are used in the manufacturing sector. Research is needed to make it easier to find
the right software component, to predict accurately the behavior of a software system
assembled from smaller components, and to support an electronic marketplace in software
components.

 

•  Active software: Active software participates in its own development and deployment. We
see the first steps towards active software with “applets” that can be downloaded from the
Internet, but this is just the beginning. Active software will eventually be able to update
itself, monitor its progress toward a particular goal, discover a new capability that is needed
for the task at hand, and safely and securely download the piece of software needed to
perform that task.

 

•  Autonomous software: Increased research in this area could result in more intelligent
software and robots. Unmanned vehicles could keep our troops from harm’s way.
“Intelligent agents,” or “knowbots,” could search the Internet on our behalf. Robots and
knowbots could plan, react appropriately to unpredicted changes, and cooperate with
humans and other robots. Cars could drive themselves, or automatically avoid collisions.
Robots could also explore planets (e.g. Voyager, Deep Space 1) or places on earth where it
is not safe for people to travel.

2. Human-Computer Interaction and Information Management

•  Computers that Speak, Listen, and Understand Human Language: Today, more than 40
percent of American households own computers. However, computers are still too hard to
use for most Americans, and surveys show that computer users waste over 12 percent of
their time because they can’t understand what their computers are doing. Better human-
computer interfaces could make computers easier and more enjoyable to use for more
Americans, resulting in an increase in productivity. Given the number of people who now
use computers routinely, the payoff would be enormous.
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 Ideally, people would be able to have a conversation with a computer, as opposed to being
limited to today’s WIMP (windows, icons, mouse, pointer) interface. Research is required
to make computer speech more intelligible, to increase the accuracy of speech recognition,
and to give computers the capability to ask questions to confirm or clarify something a user
has said. This capability will be particularly useful for people who don’t have access to a
keyboard (e.g. mobile professionals, doctors) or for people with disabilities who are sight-
impaired or cannot use a keyboard. It will also enable simultaneous translation from one
language to another. For example, it could make possible a real-time translating telephone,
or allow people to search accurately foreign language databases in their native language.
The potential benefits for global electronic commerce and international collaboration are
enormous. Coupling this technology with robotic extenders will increase people’s
productivity beyond our imagination.

 

•  Information visualization: Computer users are now trying to understand increasingly
complicated phenomena. Scientists trying to make long-term climate predictions, for
example, must analyze data on hundreds of phenomena, such as changes in jet streams,
snow and cloud cover, atmospheric carbon dioxide, and ocean circulation. Without
improvements in our ability to see, understand, and manipulate huge quantities of data, our
ability to tackle some of the most important science and engineering challenges will be
limited.

3. Scalable Information Infrastructure

The growth of the Internet has been phenomenal. In 1985, the Internet connected 2,000
computers. Today’s Internet connects 37 million computers, and an estimated 153 million users.
As the Internet becomes more and more pervasive, the networks of tomorrow will have to support
a billion or more users. These users will be sending and receiving voice, video, and high-speed
data; accessing the network while traveling; sending tens of millions of simultaneous requests for
information from a popular Web site; and depending on the Internet to run a business, deliver
government services, or respond to a medical emergency. The Internet of the future will also
connect billions or even trillions of devices. Computers will be combined with sensors, wireless
modems, GPS locators, and devices that can interact with the “real world” — all shrunk to the size
of a single chip, and transparently embedded in everyday objects.

However, today’s Internet technology was not designed to support this explosion in the number of
users and devices. Enabling the Internet to grow (or “scale”) to support these new demands
requires basic information research in a number of areas.

•  Deeply Networked Systems: Such systems, allowing a dramatic increase in the number of
devices that can be attached to the network, will result in compelling new applications. For
example: low-cost wireless sensors could give us real-time information on air and water
pollution, improving our ability to monitor the environment and respond to man-made
disasters. “Guardian angels” could monitor the health and safety of individuals (e.g.,
firemen, law enforcement officials, soldiers, home health care patients). Crisis management
centers could use sensors carried by response teams and airplanes to improve responses to
forest fires, floods, and hurricanes. Enabling this to occur requires advances such as new
mechanisms for naming, addressing, and network configuration, and much cheaper
network interfaces.

 

•  Anytime, anywhere connectivity: Improvements in wireless technology could bring high-
speed “anytime, anywhere” connectivity to all U.S. citizens. One of the major benefits of
higher-speed wireless networks is their ability to expand access and reduce the “cost
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penalty” associated with deploying advanced telecommunications in rural areas. This is
critical to rural economic development, since companies are increasingly basing site
selection on the quality of the telecommunications infrastructure. Wireless networks could
also extend services such as distance learning and telemedicine to remote rural areas in the
U.S. and to the markets of developing countries.

 

•  Network modeling and simulation: Since we have no experience in building a network that
is as complex as the future Internet, we need better tools – proven through experience – to
model the behavior of networks. The capability for “faster than real-time” simulation that
allows network operators to prevent congestion or collapse is also needed.

4. High-End Computing

Advances in high-end computing benefit the country, the economy, and the lives of all U.S.
citizens. High-end computers can be used to gain new medical insights, to forecast the weather
with greater accuracy, to design advanced weapons systems, and to predict climate change more
accurately.

As a result of investments by the High Performance Computing and Communications Program and
the Accelerated Strategic Computing Initiative, the Department of Energy’s national labs are
currently running computers capable of sustaining a trillion calculations per second on applications
code to ensure the integrity of our nuclear stockpile. However, achieving this computational rate on
a broad range of applications and making efficient use of “massively parallel” machines requires an
aggressive research program, particularly in systems software. Long-term research is also required
to develop computers that are capable of a thousand trillion (1015) calculations per second. The
Government has a particularly important role to play in high-end computing. While the market for
this kind of computing is small, national security and other government missions frequently require
machines that are faster and more complex than those in use in the private sector. Research topics
will include:

•  Improving the performance and efficiency of supercomputers: U.S. companies can now
make computers that can perform trillions of calculations per second. However, they are
“massively parallel” machines that contain thousands of individual microprocessors. It has
proven difficult to configure and program these machines to perform at their theoretical
capacity. R&D is needed to make these high-end machines easier to program, and to
improve the efficiency of typical programs. This research will focus on developing
programs that can be easily moved from one high-end computer to another, and creating
new algorithms, problem-solving environments, and compilers that are designed with
massively parallel machines in mind.

 

•  Creating a computational grid: Clearly, many researchers and computer users will not have
local access to all the computing power and storage they need. In the same way that the
electric power grid provides universal access to electrical power, a computational grid could
provide more widespread access to computational power, allowing users to request
additional computer resources “on demand,” construct a supercomputer from many smaller
computers connected to the Internet, take advantage of computers that are “idle,” interact
with simulations and very large databases in real-time, and collaborate with colleagues —
who may be half-way around the world — in three-dimensional, virtual environments.
Building these computational grids will require new programming tools: software that can
translate the requirements of an application into requirements for computers, networks, and
storage; security mechanisms permitting resources to be accessed only by authorized users;
and computers and operating systems that are more tightly integrated with high-speed
networks.
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•  Revolutionary computing: Eventually the technology that we have used to make computers
smaller, faster and cheaper since the 1960s will run into physical limitations. We need to
begin now to explore fundamentally new computer technologies (e.g. biological
computing, single electron transistors, computers that take advantage of quantum logic, and
devices based on carbon nanotubes). This could lead to computers that are well beyond a
thousand times faster than today’s fastest supercomputers.

Advanced Computing for Science, Engineering, and the Nation

During the past decade, fueled by the exponential increases in computing power provided by
information technology, we have made dramatic progress in the ability to model the fundamental
physical, chemical, and biological processes of nature. For example, the 1998 Nobel Prize in
Chemistry was awarded for the development of very sophisticated, yet widely used theory and
software for simulating the behavior of small molecules. We still face the challenge of using this
capability to predict the behavior of larger molecules such as proteins, with their thousands of
atoms in constant motion, all tugging at each other from different directions. Since subtle
differences in the shape of a protein determine its biological function and its potential role in
medical treatments, we have fundamental interest in rapid, accurate, complete models of the
protein’s behavior.

IT2 will support a series of ambitious efforts to obtain and use the world's most powerful
computers to attack problems of critical national interest. This will require: (i) obtaining computers
that are 100-1000 times more powerful than those now available to the research community and
making them available on a competitive basis, (ii) developing the scientific and engineering
simulation software and other tools needed for these new machines to be useful for research (such
as new mathematical algorithms and parallel programming environments, as well as tools for
collaboration, visualization and data management systems), and (iii) building multidisciplinary
teams in which scientists working on the most challenging research areas benefit from advances in
fundamental information technology research funded through this initiative and in which computer
scientists explore interesting and difficult new problems.

1. Advanced Infrastructure
 
 The fastest computers now available to the civilian research community on a competitive basis are
capable of doing about 100 billion computations (such as a simple addition) a second. This
initiative will make it possible for this community to use machines capable of 5 trillion (a thousand
billion) computations per second by the end of fiscal year 2000 and 40 trillion by the year 2003.
These machines will be equipped with software and operating systems, data storage, internal
memory, and communication links to support a broad spectrum of potential applications for teams
located throughout the country. Development of these aspects of the advanced infrastructure will
benefit from the fundamental information technology research funded in other parts of IT2.

 
2. Advanced Science and Engineering Computation

New supercomputers require fundamentally new approaches to scientific computation. Most
computers in wide use by the research community today operate with a single computer processor.
This processor does tasks one after the other. The ultra-fast machines purchased under this
initiative will have thousands of separate computer processors all operating at the same time. This
can be of great value since many processes in the real world operate simultaneously (weather
changing across the globe, atoms moving in a complex material). Effective use of such machines
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requires separating a problem into pieces to be worked on by different small computers and then
reassembling the pieces – something very difficult to do in practice.

Thus, researchers involved in IT2 will need to be prepared to take vastly different approaches from
those currently in wide use. Either individually or as a group, they will need to demonstrate deep
understanding of the underlying science and engineering fields, a working knowledge of current
computational processes, the ability to modify current processes to accommodate massive
parallelism (with all that entails, from software design through message-passing protocols), and
analytical skills to take full advantage of the computational output. What they learn about scientific
and engineering computation in a highly parallel environment will be put to use by other scientists
and engineers and by researchers in information technology to help establish the foundations for a
new generation of advanced computation.

The best basic research is often stimulated by attempts to solve tough practical problems. The
search for a good substitute for a mechanical switch resulted in the transistor, and this search in
turn resulted in some extraordinary advances in solid state physics. Information science will be no
exception. IT2 is designed to build a strong working relationship between teams working on
scientific and engineering simulations — whose primary interest is attacking a problem of climate
change or research physics — and teams interested in the broad field of information research,
whether it is in visualization or basic aspects of software design. Both groups should grow and
benefit from this relationship.

The following provides examples of potential science and engineering problems that will become
tractable with the range of computational power currently under discussion for IT2. Note that this is
in no way a comprehensive list.

•  Predicting Climate Change: Significant improvements are needed in both the accuracy of
the forecasts and our ability to make predictions for each part of the country. This will
require higher resolution and will include additional features such as ocean and ecological
effects.

 

•  Severe Weather Prediction: Many life-threatening weather conditions such as flash floods
and tornadoes are still beyond our ability to model and forecast with adequate skill. To be
successful, we need to increase model detail, model complexity and physics, data capacity
and event detection in a reliable, robust computational system. Weather simulations are
central to today’s weather forecasts, but to reach their full potential we will need vastly
increased computing and communications capabilities.

•  Understanding Genetic Function:  Many of the functions of the human body are carried out
by proteins—very large, intricately structured molecules. Although it is known that the
function of a protein is intimately connected to its three dimensional structure, the
connection is only poorly understood. A detailed understanding of this structure-function
relationship, reached through computational simulation, would have enormous implications
— ranging from more effective drugs to more efficient cleanup of waste sites.

•  Computational Seismology: Advanced simulation can improve predictions of the impact of
earthquakes on buildings and other structures. The IT2 will result in better understanding of
the ground motion of large sedimentary basins during earthquakes by allowing scientists to
study this phenomenon with much greater accuracy than is possible now.

•  Simulation of Combustion: Predictive simulations of the performance of automobile
engines hold the promise of simultaneously decreasing the nation’s dependence on foreign
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oil and increasing the quality of the environment (by reducing emissions, including carbon
dioxide). Predictive simulation of the performance of diesel engines will help the
transportation industry meet the proposed emission standards in the year 2004.

•  Materials Simulation: The nation has a continuing need for new materials — such as light-
weight, yet strong materials to reduce the weight of automobiles, flexible plastic batteries
for use in portable electronic devices, and new magnetic materials for the computing
industry. Computational development of new materials —one of the most challenging and
computing-intensive problems in materials science — at greatly reduced cost and effort
would provide for the needs of a modern society and enhance the competitive edge of U.S.
industry.

•  Modeling the Evolution of the Universe: New space- and ground-based instruments, such
as the Hubble Space Telescope, the Keck Telescope, the Sloan Digital Library Survey, and
the Cosmic Background Explorer, are creating a revolution in cosmology by constructing
an increasingly accurate picture of the universe. IT2 would allow definitive tests of current
cosmological models. Such tests are essential to capitalize on the major investments that
have been made in the new observational instruments.

Projects funded under IT2 will be selected because they are of importance to science and
engineering, they are in a position to take advantage of enormously more powerful computational
tools, and they involve collaboration between information scientists and experts in the research
area. Access to high-end capabilities will be important for both the development work needed to
make use of these extraordinary new tools and for the large-scale modeling efforts envisioned.
Projects from all areas of science and technology will be considered, with each agency providing
support for projects within the scope of its mission. And — because it cannot be emphasized
enough — ties with the information technology research community will be the key to success.

3. Computer science and enabling technology
 
 The effort described above puts the use of massively parallel computing on an aggressive trajectory
similar to that of the ASCI program. The agencies deploying the infrastructure for computation will
partner with ASCI to focus on the development of the computer science and applied mathematics
technologies that enable the advances noted above in the scientific applications. Critical to the
success of the applications is the development and deployment of advanced technology in
computational algorithms and methods, and software libraries; problem solving and code
development environments and tools; distributed computing and collaborative environments;
visualization and data management systems; and computer systems architecture and hardware
strategies. This is a strong point of synergism between the fundamental information technology
R&D and advanced science and engineering computation elements of IT2 as it is currently
structured.
 
4. National Information Infrastructure Applications

There are many large-scale, distributed applications of high social and economic impact that are
not explicitly part of the IT2 but can take advantage of advanced information infrastructure.  These
applications may require one or more features of advanced computing and networking
infrastructure, such as high-speed communications or distributed access to a large number of
computers, devices, or people, or high performance processors. The R&D agencies will look for
opportunities to partner with and leverage other programs to identify applications and testbeds to
stress the advanced information infrastructure along one or more dimensions.
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Economic and Social Implications of Information Technology, and
Training of the Information Technology Workforce

1. Economic and social impacts of information technology

Information and communications technologies are having a pervasive impact on our economic,
political, social, and cultural life. As we enter the 21st century, we should expect this trend to
accelerate, as information technology becomes more powerful and widely available. Despite the
significant economic, legal, social, ethical, political, and cultural impacts of this technology, the
Federal government has sponsored little social science research in this area. For example, there is
no equivalent in the information technology area of the National Institutes of Health ELSI (Ethical,
Legal and Social Implications) Research Program. Increased research in this area with greater
interaction between computer and social scientists, would be helpful for a number of reasons. It
could contribute to the design of information systems by providing insights into how information
systems are actually used; identify barriers to the adoption of information technology and its
applications; help policymakers by providing more empirical data on the impact of information
technology; and encourage the development of solutions to problems caused by information
technology (e.g. the erosion of personal privacy). Some of the research topics in this area might
include:

•  the effectiveness of industry self-regulation and other forms of non-traditional governance
for the Internet;

 

•  the impact of information technology on the nature of work, including telecommuting,
quality of worklife, and participation in “virtual” teams;

 

•  the effect of disparities in access to information technology by race, income, ethnicity, and
geography; and

 

•  the impact of electronic commerce on market structure, supplier-customer relations,
productivity, price stability, and employment.

2. Information technology workforce

The science agencies also need to do more to address the rapidly growing demand for workers
with information technology skills at the undergraduate, graduate and post-graduate levels.
Colleges and universities are reporting increased undergraduate enrollments at the same time as
applications for graduate study are declining. The National Science Foundation is proposing a new
initiative to ensure that all faculty (2 year colleges, 4 year colleges, research universities) have
access to modern curricula and instructional materials. Additional funds are also required for
graduate traineeships to support graduate and post-graduate students. Furthermore, a large portion
of the research grants provided to universities will go to support research assistant positions for
graduate students.

Of course, these initiatives by the science agencies will only address one component of the much
broader information technology workforce issue. The demand for information technology workers
is increasing across-the-board. Many workers now require basic computer literacy to compete for
the jobs of the 21st century. There are also many information technology-related jobs that do not
require an undergraduate or graduate education in computer science, or even any undergraduate
degree, such as network administrators, entry-level computer programmers, help desk operators,
systems analysts, and Web page designers. Agencies such as the Department of Labor, the
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Department of Education and the Department of Commerce are working with industry,
professional societies, and labor organizations to ensure that the United States has the best
information technology workforce in the world.

Management of the IT2

While information research is a critical national research priority, no cabinet agency has
information research as its central mission. As a result, a new senior management team, reporting
directly to the President's Advisor for Science and Technology, has been formed to set policy and
coordinate the work of this new initiative. This group will consist initially of the Director of the
National Science Foundation, the Administrator of the National Aeronautics and Space
Administration, the Under Secretary of Energy, the Under Secretary of Commerce for Oceans and
Atmosphere and Administrator, National Oceanic and Atmospheric Administration, the Director of
the National Institutes of Health, and the Under Secretary of Defense (Acquisition and
Technology). It will fall under the umbrella of the NSTC and will also include senior officials from
the Office of Management and Budget and the National Economic Council.  This group will assist
the President in establishing and monitoring goals for the program, allocating research tasks to
agencies on the basis of agency missions and capabilities, ensuring tight coordination of Federal
efforts, and ensuring that the entire research program is managed in a way that allocates funds in an
open, competitive process aimed at funding the best possible ideas.

This senior group will be supported by a working group consisting of an individual appointed by
each of the principal agencies. It will be chaired by the Assistant Director of the National Science
Foundation for Computer and Information Science and Engineering. The National Science
Foundation has been chosen to lead this group since it is alone in having all three thrusts of this
initiative as part of its primary mission. This working group will be charged with preparing
research plans and budgets for the entire Federal effort, preparing annual reports which can
describe progress and plans, and facilitating coordination between agencies in projects that require
close and continued partnerships. Agencies will retain control over the budgets appropriated to
them and support the coordinated effort only in areas where they have authority. The working
group will ensure that these separate research projects, taken together, provide a sound and
balanced national research portfolio. The working group is comprised of individuals with
operational authority over information technology research programs within their home agencies.
The National Coordination Office will assist in coordinating this working group, as it has in the
past for high performance computing and communications activities.

The working group will oversee research in all the major areas of the initiative. The working group
is developing plans for allocating this diverse set of tasks to subgroups that will focus on specific
components or areas of the initiative. The working group will utilize existing groups and teams to
the maximum extent possible.

One requirement of the new organization will be to develop and operate the new advanced
infrastructure that will be made available to the research community by the National Science
Foundation and the Department of Energy under funds provided by this initiative. A subgroup,
chaired by these two agencies, will be charged with devising a program that will ensure that these
new computers are purchased, sited, and made available on an open, competitive basis. This
subgroup will also develop a process to ensure that the systems are made available to research
teams with the most compelling research concepts and the best ideas for building partnerships
between experts in state-of-the-art information and computational science and groups familiar with
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research challenges in areas like biochemistry or climate modeling that can benefit from access to
ultra-fast machines.

The proposed fiscal year 2000 budget is provided in the table below:

Agency

Fundamental
Information
Technology

Research

Advanced
Computing for
Science,
Engineering, and
the Nation

Ethical, Legal,
and Social

Implications and
Workforce
Programs

Total

DOD $100M --- --- $100M

DOE $  6M $62M $  2M $ 70M

NASA $18M $19M $  1M $ 38M

NIH $  2M $  2M $  2M $  6M

NOAA $  2M $  4M --- $  6M

NSF $100M $36M $10M $146M

Total $228M $123M $ 15M $366M

Next Steps

In the coming months, the Administration, working closely with Congress, will pursue several
next steps for the initiative, including:  (1) refining the management structure for the initiative; (2)
continuing to refocus and strengthen ongoing related programs to complement the initiative; (3)
continuing to seek external advice from industry and academia; and (4) developing a detailed
technological and programmatic roadmap for the initiative.


